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ABSTRACT 

Tensile propert ies  of  304L and 310s s t a i n l e s s  steel  were inves t i -  
gated i n  l i q u i d  helium w i t h  unnotched and notched specimens. The y i e ld  
s t rength for  310s s t a in l e s s  steel was near ly  twice t h a t  for 304L s ta in-  
less steel. 
cent of t h a t  for 304L s t a i n l e s s  steel i n  t h e  unnotched condition. 
Tensile s t rengths  of  notched unwelded and welded specimens f o r  310s 
stainless steel  were s igni f icant ly  higher than those of 304L s t a in l e s s  
steel. 

The ul t imate  t e n s i l e  s t rength fo r  310s was about 80 per- 
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Tensile proper t ies  of 3048 and 31Og s t a i n l e s s  steel were inves t i -  
gated i n  l i q u i d  helium at  -452 F (-269 e> .  Sheet specimens of both 
a l loys  were t e s t e d  wi th  loading applied either p a r a l l e l  o r  t ransverse 
t o  the sheet r o l l i n g  d i rec t ion  using both unnotched and notched speci- 
mens, Notched specimens were tested i n  the unzelded an$ welded condi- 
t ion .  Limited data were also obtained a t  -456 F (-271 C )  with un- 
notched specimens only and no s ign i f i can t  differences i n  t e n s i l e  be- 
havior xere obsegved wi th  either material compared t o  those observed 
at  -452 F (-269 C). 

I n  a l l  cases the unnotched t e n s i l e  s t rengths  fo r  both a l loys  were 
higher than their  notched t e n s i l e  strengths.  The y ie ld  s t rength  f o r  
310s s t a i n l e s s  steel was nearly twice that f o r  3042 s t a in l ees  steel. 
However, the  ul t imate  t e n s i l e  s t rength fo r  310s was about 80 percent of 
that of  304L s t a i n l e s s  i n  the unnotched condition. I n  tests with 3- 
inch wide center notched specimens, the average t e n s i l e  s t rength of 3109 
s t a i n l e s s  steel was higher than that of 304L s t a in l eas  steel fo r  both un- 
welded and welded specimens by as much as 41 000 psi  (280 M!$/sq m)  o For 
304L s t a i n l e s s  steel the  average notch-in-weld (without backing s t r i p )  
t e n s i l e  s t rength was 9000 p s i  (60 m/sq m) less than tha t  f o r  notched un- 
welded specimens. 
difference i n  t e n s i l e  s t rength between notch-in-weld (without backing 
s t r i p )  and notched unwelded specimens 
that aus ten i te  i n  304L s t a i n l e s s  steel transformed t o  martensite during 
t e n s i l e  tests i n  l i q u i d  helium. No transformation was observed w i t h  
3108 stainless steel, 

For 3108 s t a i n l e s s  steel the re  was no s ign i f i can t  

X-ray diff 'raction s tudies  showed 

IIWRODUCTION 

Cryogenic temperatures can mwkedly a f f e c t  the mechtinieal proper- 
t ies  of containment materials for  cryogenic f lu ids .  A var i e ty  of engi- 
neering appl icat ions involve the containment of such f l u i d s e  For ex- 
mple ,  a NASA f a c i l i t y  fo r  high temperature plasma s tudies  u t i l i z e s  super- 
conducting magnet c o i l s  immersed i n  l i q u i d  helium. To design the  contain- 
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ment vessel fo r  the l iqu id  helium the t e n s i l e  propert ies  of  the vesse l  
material i n  a l i q u i d  helium environment was required. 
t i ons  indicated that 304L and 3108 s t a i n l e s s  steels were po ten t i a l  can- 
didates. Unfortunately, only l imited t e n s i l e  data are avai lable  f o r  
most materials a t  l i q u i d  helium temperature, Reference 1 provides a 
f a i r l y  comprehensive summary o f  cryogenic t e n s i l e  tes t  data for several 
classes  of materials, but  most of these data wereoobtainedoat tempera- 
t u re s  no lower than that of l i q u i d  hydrogen, -423 F (-253 C). R e f -  
erence 2 incluged some Aimited t e n s i l e  data f o r  both materials of  in -  
terest a t  -452 F (-269 C) ,  I n  t h i s  reference it was a lso  indicated 
that some of the austgni te  i n  ghe 3045, s t a i n l e s s  steel  transformed t o  
martensite below -320 F (-196 6). 

Design considera- 

An invest igat ion was therefore  conducted a t  the NASA Lewis Research 
Center t o  obtain more complete t e n s i l e  data with both 304L and 310s 
s t a i n l e s s  steel sheet specimens i n  a l i q u i d  helium environment. Data 
were obtained with notched and unnotched specimens. Several specimen 
configurations were used including some containing weldme8ts. A f e w  
tests were conducted near absolute zero, a t  -456' F (-271 C), i n  an 
attempt t o  an t i c ipa t e  po ten t i a l  appl icat ions below the l i q u i d  helium 
lambda point ( t r a n s i t i o n  point  between the normal l i q u i d  and the super- 
f l u i d  s t a t e ) .  X-ray d i f f r ac t ion  s tudies  were made t o  determine whether 
irreversible martensite transformations occurred during cryogenic test- 
ing. 

MATERIALS, APPARATUS, AND PROCEDURE 

Materials 

The materials invest igated were annealed 304L and 310s s t a in l e s s  
Chemical analyses of the  as- 
The analyses are within nominal 

steel  sheet, 0.063-inch (1.6 mm) thick.  
received material are given i n  table I. 
aerospace materials spec i f ica t ion  except fo r  s i l i con  i n  304L s t a i n l e s s  
steel which was s l i g h t l y  below the minimum nominal range. 

Specimens 

Specimen geometries are shown i n  f igure  1. Each specimen configu- 
r a t ion  was fabricated i n  two ways. I n  one case the loading d i rec t ion  
was p a r a l l e l  t o  t he  sheet r o l l i n g  direction; i n  the other,  it was t rans-  
verse t o  the r o l l i n g  d i rec t ion .  Welded and notched specimen configura- 
t i o n s  were included t o  simulate po ten t i a l  fabr ica t ion  s i tua t ions .  Weld- 
ed specimens were made by b u t t  joining sheared halves of specimen blanks 
with a tungsten i n e r t  gas a r c  weld. Specimen welds without a backing s t r i p  
were made without using f i l l e r  rod. $pecimen welds with a backing s t r i p  
were made using f i l l e r  rod of the sewle material as the  specimen. To pro- 
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duce a center notch i n  t h e  3-inch (7.6-cm) wide specimens, a 0.88 
inch (2.23 cm) by 0,008 inch (0,20 m) s l o t  was made with an e l e c t r i -  
cal. discharge machine$ The length of t h e  notch was then increased t o  
1.00 inch (2.54 cm) by subjecting the  specimen t o  axial fa t igue  at  
room temperature as suggested i n  reference 3. 

Test Appmatus 

The t e n s i l e  tests were conducted i n  a closed loop electrohydrau- 
l i c a l l y  actuated universal  t e s t i n g  machine. 
ducting used with t h i s  machine are schematically i l l u s t r a t e d  i n  f igure  2. 
The cryostat  consisted of a vacuum t i g h t  enclosure t h a t  surrounded a 
cyl indr ica l  specimen chamber. The chmber contained the  cryogenic f l u i d  
i n  which t h e  test specimen was immersed. 
of copper and attached t o  an annular shaped l i q u i d  nitrogen reservoir  
ins ide  the  vacuum jacket  served as t h e  rad ia t ion  shield.  The bellows 
permitted specimen elongation and pull-rod motion t o  take place without 
loading t h e  cryostat .  Most of t h e  tests were conducted with the  l i q u i d  
helium at  a pressure of approximately one atmosphere i n  the specimen 
chamber. A t  t h i s  absglute pressure t h e  boi l ing  point of l i q u i d  hzlium 
is  apgroximately -452 F (-269' C). For those tests made a t  -456 F 
(-271 C) t h e  absolute pressure on the  l i q u i d  helium was reduced t o  a- 
bout 24 mill imeters of mercury, To reach t h i s  lower pressure the vent 
valve t o  atmosphere was closed and valve A ( f i g ,  2) connecting the d is -  
charge l i n e  *om t h e  cryostat  t o  a high capacity mechanical vacuum pump 
was opened t o  d r a w  o f f  t h e  helium boi lof f  gas, When t h e  specimen cham- 
ber was f i l l ed  w i t h  l i q u i d  helium the  vacuum jacketed t h r o t t l i n g  valve 
B ( f i g ,  2) i n  t h e  l i q u i d  helium i n l e t  l i n e  t o  t h e  cryostat  was t h r o t t l e d  
t o  a nearly closed posit ion.  
helium boi l ing temperature and pressure a t  which t h e  mass of  l i q u i d  
helium entering t h e  specimen chmber equaled the mass of helium boi lof f  
gas being pumped out,  p though  gxact equilibrium was not a t ta ined,  temp- 
e ra tures  as low as -426 F (-281 C> were reached, However, during 
ac tua l  tests t h e  -456 F (-271 
consis tent ly  be maintained once p l a s t i c  s t r a in ing  of t he  specimen testo 
sect ign began. 
(-271 C> t o  approximately -452 P (-269 61, This was probably due t o  
d iss ipa t ion  of t h e  specimen s t r a i n  energy t o  t h e  supercooled l i q u i d  
helium. 
sidered as being obtained a t  t h e  desired -456 

The cryostat  and associated 

A flanged s p l i t  cylinder mads 

This permitted reaching a lower l i q u i d  

C )  temperature of t h e  f l u i d  could not 

Instead, the tTpera tureoof  the f l u i d  var ied from -456 F 

As a r e s u l t ,  only t h e  y i e ld  strengthovalues c&ted can be con- 
F (-271 C>. 

Fluid test  temperatures were measured with doped germanium sensors 
I n  the f i n a l  s tages  of attached t o  t h e  specimen with an adhesive tape. 

the invest igat ion temperatures were measured using commercially ava i l -  
able  carbon r e s i s t o r s ,  
temperatures, 
employed. 
as determined by both techniques was obtained. 

These r e s i s t o r s  were calibrated at  cryogenic 
I n  several  tests both types of  sensing elements were 

Good agreement between indicated cryogenic f l u i d  temperatures 
The e l e c t r i c a l  res i s tance  



4 

of the sensor o r  carbon r e s i s t o r  was determined f’rom an accurate 
measurement of IR voltage when a regulated and accurately known current 
of 10 microamperes passed through t h e  temperature sensor. 
ured temperature was then determined from a ca l ibra t ion  curve of temp- 
e ra ture  versus resis tance.  

The meas- 

Test Procedure 

All t e n s i l e  tests were conducted a t  controlled cross head rates of 
approximately 0.16 inch per minute ( 4  mm/min) Tests with unnotched 
t e n s i l e  specimens were conducted with an extensometer mounted on one 
inch gage marks. This permitted obtaining a load versus enlongation 
p l o t  so t h a t  $he 0,2 pgrcent o f f s e t  y i e ld  s t rength could be  determined. 
Tests at  -456 F (-271 
specimens. 

C) were conducted only with unnotched t e n s i l e  

X-ray d i f f r ac t ion  s tudies  were made on as-received and on t e s t ed  
samples of both materials. The material immediately adjacent to the  
fracture was used t o  make  a qua l i t a t ive  determination of the extent of 
martensite transformation during test .  I n  addition, X-ray d i f f rac t ion  
s tudies  were made w i t h  a sample of 304L after immersion i n  l i q u i d  helium 
under a no load condition t o  observe the  effect o f  cryogenic temperature 
without s t ra ining.  

Tensile data  obtained i n  th i s  invest igat ion with 3042 and 310s 
s t a i n l e s s  steel sheet specimens are summarized i n  tables IT and 111. 
I n  a11 cases t h e  unnotched t e n s i l e  strength fo r  both a l loys  were higher 
than t h e i r  notched t e n s i l e  s t rengths .  

Unnotched Tensile Test Data 

- Comparison of t h e  unnotched 
t e n s i l e  tes t  data f o r  the two s t a i n l e s s  steel a l loys  ind ica tes  t h a t  the 
0.2 percent o f f se t  y i e ld  s t rength fo r  310s i s  nearly twice t h a t  fo r  
304L - a proximately 116 000 p s i  (800 m/sq m )  versus 65 000 p s i  
(450 MN P sq  m) f o r  specimens loaded p a r a l l e l  to the sheet r o l l i n g  direc- 
t i o n  and approximately 118 000 psi (810 W/sq m )  versus 60 000 psi 
(410 MN/sq m )  f o r  specimens loaded transverse to the r o l l i n g  direct ion.  
However, t he  ul t imate  t e n s i l e  s t rength for  unnotched specimens o f  3lOS 
s t a i n l e s s  s teel  was about 80 percent of t h a t  of 3042 s t a i n l e s s  steel  - 
approximately 185 000 p s i  (1280 MN/sq m) versus 229 000 p s i  (1580 
W/sq m) f o r  specimens loaded p a r a l l e l  t o  the  r o l l i n g  d i rec t ion  and 
approximately 187 000 p s i  (1290 r/rra/sq m) versus 228 000 p s i  (1570 
MN/sq m) for specimens loaded transverse. t o  t h e  r o l l i n g  direct ion.  As 
w i l l  be discussed later i n  connection w i t h  X-ray d i f f r ac t ion  s tudies ,  
the higher ul t imate  t e n s i l e  s t rengths  of 304L s t a i n l e s s  steel are pro- 
bably associated with aus ten i te  to martensite transformations. 
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For 304L s t a i n l e s s  s t e e l ,  specimens loaded p a r a l l e l  t o  t h e  sheet 
r o l l i n g  d i rec t ion  had higher y i e l d  s t rengths  than those loaded t rans-  
verse t o  t h e  r o l l i n g  direct ion,  whereas t h e i r  ul t imate  t e n s i l e  s t rengths  
were v i r t u a l l y  the  sme.  For 3lOS s t a i n l e s s  s t e e l ,  there  were no 
s ign i f i can t  differences i n  e i the r  y i e l d  or  ul t imate  t e n s i l e  s t rengths  
f o r  the two loading or ientat ions.  

A comparison of the elongations of t he  t e s t e d  unnotched t e n s i l e  
specimens ind ica tes  t h a t  t he  elongations f o r  310s s t a i n l e s s  s t e e l  were 
near ly  twice those of 304L s t a in l e s s  steel (approximately 58 percent 
versus 34 percent).  

Figures 3 and 4 show unnotehed t e n s i l e  data obtained i n  t h i s  in -  

The o r ig ina l  data from which the  

The y i e l d  s t rength and t o  some ex- 

vest igat ion included on p l o t s  of t e n s i l e  s t rength versus temperature 
taken from t h e  summary reference 1. 
curves of reference 1 were taken were obtsfned by Warren and Reed 
( r e f .  4) and by Desist0 (ref. 5). 
t e n t  the ult imate t e n s i l  s t rength data obtained i n  the  present in -  
vest igat ion f o r  3041, s t a i n l e s s  s t e e l  f a l l  below the  curveB from re fe r -  
ence 1, However, it should be noted t h a t  t he  data from reference 1 
are f o r  bar stock., For 310s s t a i n l e s s  s t e e l ,  reasonably good agree- 
ment e x i s t s  between the  data from t h i s  invest igat ion and the  curves 
taken from reference 1 except f o r  a s ingle  point  of low ul t imate  ten- 
sile s t rength which came from a specimen that f a i l e d  outside the  one 
inch (2.54 em) gage marks, 

Comparison of t he  data from t h i s  invest igat ion with that of ref- 
erence 2 f o r  both gelloys shows t h a t  the  ul t imate  t e n s i l e  s t rengths  agree 
f a i r l y  well ,  but the y i e ld  s t rengths  obtained i n  the present investiga- 
t i o n  are s l i g h t l y  higher than those of reference 2. For 310s s t a i n l e s s  
s t e e l  an ul t imate  t e n s i l e  s t rength of 187 000 p s i  (1290 MN/sq m) and a 
y i e l d  s t rength of 100 000 p s i  (690 MN/sq m) were indicated i n  reference 
2. 
186 000 s i  (1280 m/sq m) and an average y i e ld  s t rength of 117 000 ps i  
(806 MNAq m) obtained i n  t h i s  invest igat ion.  For 3042 s t a i n l e s s  s t e e l ,  
u l t imate  t e n s i l e  s t rengths  of 214 000 t o  230 000 p s i  (1480 to 1590 
MN/sq m) and 8 y i e l d  s t rength of 46 000 p s i  (320 MN/sq m)  were indicated 
i n  reference 2, These values @om we with an average ul t imate  t e n s i l e  
s t rength of 228 000 p s i  (1570 
62 000 p s i  (430 m/sq m) obtained i n  t h i s  invest igat ion.  

These values compare with an average ul t imate  t e n s i l e  s t rength of 

P sq m> and an average y i e ld  s t rength of 

- A f e w  tests were conducted 
l e  11) i n  l i q u i d  helium at  

ions of these tests described 
previously, t he re  do not appear t o  be any s i p j f i c a n t o d i f f e r e n c e s  i n  
t e n s i l e  behavior from those obtained a t  -452 
mater ia l .  - 

F (-269 C) with e i t h e r  
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Notched Tensile T e s t  Data 

Tensile tests wi th  the  +inch wide center notched specimens were 
conducted i n  l i q u i d  helium at  -452' I? (-269' 6 )  only. 
notched t e n s i l e  data a re  given i n  table III, 
be any s igni f icant  differences i n  t e n s i l e  s t rength obtained with speci- 
mens loaded p a r a l l e l  o r  t ransverse t o  the r o l l i n g  d i rec t ion  fo r  either 
material. However, 310s s t a i n l e s s  s t e e l  had s igni f icant ly  higher ten- 
s i le  s t rengths  than 3042 s t a i n l e s s  steel for  both unwelded and welded 
specimens. For notched unwelded specimens, 3105 s t a i n l e s s  s t e e l  had a 
34 000 psi  (230 MN/sq m) higher average t e n s i l e  s t rength than 304L 
s t a i n l e s s  steel. For notch-in-weld (without backing s t r i p )  specimens 
t h i s  difference was 41 000 p s i  (280 MN/sq m) and fo r  notch-in-weld 
(with backing s t r i p )  specimens t h i s  difference was 24 000 p s i  (170 
MN/sq m). 
backing s t r i p )  t e n s i l e  s t rength was about 9000 p s i  (60 MN/sq m) l e s s  
than tha t  f o r  notched unwelded specimene- For 3105 stainless s t e e l  
there was no s igni f icant  l o s s  of t e n s i l e  s t rength f o r  the  notch-in-weld 
(without backing s t r i p )  specimens compared t o  the  notched unwelded 
specimens. 

The center 
There do not appear t o  

For 304L s t a i n l e s s  s t e e l  the average notch-in-weld (without 

Notch-in-weld (with backing s t r i p )  t e n s i l e  t e s t  specimens had 
s t rengths  t h a t  were s ign i f icant ly  higher than notch-in-weld (without 
backing s t r i p )  specimens and unwelded notched specimens f o r  both mate- 
ials.  
ing s t r i p )  specimen t e n s i l e  s t rength was 28 000 ps i  (190 MN/sq m) high- 
er, while for  304L s t a i n l e s s  s t e e l  it was 46 000 p s i  (320 MN/sq m) 
higher,  
inch (1.6-mm) thickness of the bas ic  sheet specimen (excluding the  
backing plate thickness of 0.063 inch (1.6 mm)) was used as the  load 
carrying area  fo r  calculat ing these s t rengths .  
apparently carried a s ign i f i can t  share of  the applied load. 
mum t e n s i l e  s t rength observed was 171 000 psi (1180 MN/sq m) w i t h  a 
notch-in-weld (with backing s t r i p )  specimen of  310s s t a i n l e s s  steel. 

For 310s s t a i n l e s s  steel the average notch-in-weld (with back- 

These strengths  a r e  higher,  probably because only the  0.063- 

The backing s t r i p  
The maxi- 

X-Ray Diffract ion Studies 

X-ray diffract ion s tudies  did not revea l  quant i ta t ive ly  the  de- 
gree of  martensite transformation that  occurred during cryogenic ten- 
s i le  t e s t i n g  of the  s t e e l s  under invest igat ion,  However, the  presence 
or absence of martensite i n  tested and untested samples could be deter-  
mined. It was found that a transformation t o  mar tens i te  did occur 
during t e n s i l e  t e s t i n g  of 304L i n  l i q u i d  helium. 
helium without s t r a in ing  the sample however, d id  not cause any marten- 
s i te  transformation t o  take place,  
t i o n  from aus ten i te  t o  martensite i n  310s s t a i n l e s s  s t e e l  when tested 
i n  l i q u i d  helium. 

Immersion i n  l i q u i d  

There was no evidence of transf'orma- 
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Ref3rence 2 geported a similar transformation taking place be- 
low -320 F (-196 C) i n  304% s t a i n l e s s  steel. The f a c t  that 310s 
s t a i n l e s s  s t e e l  i s  not subject  t o  t h i s  po ten t i a l ly  embri t t l ing t rans-  
formation under the conditions invest igated suggests t h a t  it should 
be more amenable t o  s t r u c t u r a l  appl icat ions at l i q u i d  helium tempera- 
tures than 304L s t a i n l e s s  steel, 

An invest igat ion was conducted t o  determine the t e n s i l e  behavior 
of 304L and 310s stainless s t e e l  i n  liquidohelium a$ -452 F (-269' C )  
and t o  obtain limited t e n s i l e  data at  -456 F (-271 C>. The following 
r e s u l t s  were observed: 

1. I n  a l l  cases the  unnotched t e n s i l e  strengths for  both a l loys  
were higher than their  notched t e n s i l e  s t rengths .  

2. For 304L s t a i n l e s s  s t e e l ,  specimens loaded p a r a l l e l  t o  the 
sheet r o l l i n g  d i rec t ion  had higher y i e ld  s t rengths  than those loaded 
t ransverse t o  the r o l l i n g  d i r  reas  their  ul t imate  t e n s i l e  
s t rengths  were v i r t u a l l y  the  same. For 3105 s t a i n l e s s  steel, there  
were no s ign i f i can t  differences i n  e i the r  y i e l d  or ul t imate  t e n s i l e  
s t rengths  fo r  the two loading or ientat ions.  

3. The 0.2 percentooffset  y i e ld  s t rength fo r  3105 s t a i n l e s s  steel 
i n  l i q u i d  helium at -452 
s t a i n l e s s  steel - approximately 1x6 000 p s i  (800 w/sq  m) versus 65.000 
psi  (450 m/sq m) f o r  specimens loaded p a r a l l e l  t o  the r o l l i n g  d i rec t ion  
and approximately 118 000 p s i  (810 W/aq m) versus 60 000 p s i  (410 
MN/sq m) f o r  specimens loaded t ransverse t o  the r o l l i n g  direct ion.  How- 
ever, the  ul t imate  t e n s i l e  s t rength for  unnotched specimens of 310s 
s t a i n l e s s  steel was about 80 percent of that of 304L s t a i n l e s s  steel - 
approximately 185 000 ps i  (1280 MN/sq m) versus 229 000 psi (1580 
MN/sq m) f o r  $pecimens loaded p a r a l l e l  t o  the r o l l i n g  d i rec t ion  and 
approximately 187 000 ps i  (9290 MN/sgl m) versus 228 000 psi  (1570 
MN/sq m) f o r  specimens loaded t ransverse t o  the r o l l i n g  direct ion.  

B (-269 e) was nearly twice that fo r  304L 

4. For unnotched t e n s i l  specimens the  elongations f o r  3108 s t a in -  
l e s s  s t e e l  were n e w l y  twice those of 304L stainless steel (approxi- 
mately 58 percent versus 34 percent) 

.5., No s igndficant  differences i n  t e n s i l e  bshavior wgre observed 
a t  -456 F (-271 C) *om those observed a t  -452 F (-269 C) w i t h  
e i t h e r  material. 

6. I n  tests w i t h  ,+inch wide center notched t e n s i l e  specimens, 
310s s t a i n l e s s  steel had s ign i f i can t ly  higher s t rengths  than 304L s t a in -  
l e s s  s t e e l  fo r  both unwelded and welded specimens. Differences between 
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average values of notched tensile s t rengths  f o r  t h e  two materials 
ranged from 34 000 p s i  (230 m/sq  m) f o r  notched unwelded specimens 
t o  41 000 psi (280 M!!J/sq m) for notch-in-weld (without backing strip) 
specimens, 

7.  For 304L stainless steel t h e  average notch-in-weld (wfthout 
backing s t r i p )  tensile s t rength  was about 9000 p s i  (60 MN/sq m) 
les's than t h a t  f o r  t h e  notched unwelded specimens; however, 
f o r  310s stainless steel  the re  was no s ign i f i can t  loss of tensile 
s t rength  for t h e  notch-in-weld (without backing s t r i p )  specimens com- 
pased t o  t h e  notched unwelded specimens. 

a 8. X-ray d i f f r a c t i o n  s tud ie s  showed t h a t  t h e  austenite i n  304L 
No transformed t o  martensite during tensi le  tests i n  l i q u i d  helium. 

transformation was observed with 310 stainless steel. 

CONCLUSION 

The observed tensile proper t ies  suggest t h a t  3lOS stainless steel  
should be more amenable t o  s t r u c t u r a l  appl ica t ions  at  l i q u i d  helium 
temperatures than 304L stainless steel. 
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TABU 111. - SUMMARY OF CENTER NOTCHED TENS= TESTS I N  

LIQUID HE%IUM BT -452' F (-269' C) 

Specimen loading 
with respect t o  sheet 

r o l l i n g  d i rec t ion  

Transverse 

Notched t e n s i l e  strength 

LOO ,000' 
97 000 

101 000 

690 
670 
700 

137 000 
135 000 

940 
930 

133 000 
134 000 

920 
920 

Not ch-in-weld (without backing s t r ip)  

940 
880 
920 

940 
950 

Notch-in-weld (with backing s t r i p )  
[backing s t r i p  cross sec t iona l  area excluded i n  stress. 

calculat ions ] 

Transverse 

139 000 
141 000 

145 000 
133 000 
140 000 

I I 
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Figure 1. Sheet tensile specimens 
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( d )  Center Notch-in-Weld(With Backing S t r i p ) .  

Figure 1. Sheet Tensile Specimens (contA$ 
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Figure 3.- Comparison of obremed unnotched tens i le  properties of 304L stainless  
s t ee l  sheet (plotted pointo)with those of fO4L stainless s t ee l  bar (plotted 
curves taken from reference l ) ,  



Figure 3.--Comparison of observed unnotched t e n s i l e  p r o p e r t i e s  of 304L s t a i n l e s s  
s t ee l  s h e e t  ( p l o t t e d  p o i n t s )  w i t h  t h o s e  of 304L s t a i n l e s s  s t e e l  b a r  ( p l o t t e d  
curves t aken  from r e fe rence  1)- 
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gure 4.- Comparison of  observed unnotched ul t imate  t e n s i l e  s t rength  and y i e ld  
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